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Experience with acute myocardial infarction and acute ischemic stroke system of care have suggested numerous hospital strategies for reducing treatment delays. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] However, the extent to which hospitals are using these strategies has not been well studied. More importantly, it is not clear which strategies are most effective. Therefore, we conducted a national survey of hospitals joining the AHA/ASA's Target: Stroke Initiative. This study represents the first large national survey of hospitals regarding their DTN time strategies. Our specific aims were to assess baseline use of best practice strategies to reduce DTN times before the initiation of Target: Stroke and quantify the association of these hospital strategies with DTN times.
Methods
Target: Stroke Initiative
Target: Stroke builds on the success of GWTG-Stroke, Brain Attack Coalition, and Mission: Lifeline. 25 Target: Stroke is a national quality improvement initiative by the AHA/ASA to improve the care of stroke. The initial goal of Target: Stroke is for participating hospitals to achieve DTN times within 60 minutes in ≥50% ischemic stroke treated with tPA. To facilitate more rapid integration of evidence into clinical practice, Target: Stroke provided participating hospitals with the best practice strategies, supporting tools, and educational resources necessary to improve the timeliness of administration of intravenous tPA to eligible patients with acute ischemic stroke. To identify best practice strategies for reducing DTN times, the AHA/ASA formed a multidisciplinary work group of expertise from stroke neurology, emergency medicine, nursing, quality improvement, emergency medical services (EMS), and hospital management to study this issue. With input from other national organizations as well as participating hospitals, the work group performed a systematic review of the English language literature on improving DTN times in acute ischemic stroke and time to treatment reduction strategies in acute myocardial infarction. Based on the literature review and expert consensus on local best practice, the work group identified best practice strategies that could be rapidly, feasibly, and cost effectively adopted by participating hospitals. Details of the Target: Stroke Initiative and Target: Stroke best practice strategies have been described in the literature. 25 As a condition of the Target: Stroke enrollment process, representatives from each participating hospital completed an online survey (available at http://www.strokeassociation.org/targetstroke) of their baseline practice for intravenous tPA administration for patients with acute ischemic stroke. 25 The survey questions were developed based on literature review and expert consensus to query hospitals on previous DTN time practice and further refined after pilot testing. The 11 practices hospitals were surveyed for were advance hospital notification by EMS, rapid triage protocol and stroke team notification, single-call activation system, access to stroke expertise 24×7, rapid acquisition and interpretation of brain imaging, rapid laboratory testing (including point-of-care testing if indicated), tPA administration protocols, mix tPA medication ahead of time, rapid access to intravenous tPA, team-based approach, and prompt data feedback. In addition, hospitals were surveyed whether trainees are involved in the acute stroke team as a routine component of acute stroke care. The survey was structured regarding use of the process or protocol all of the time, some of the time, or none of the time or yes/no. An AHA/ ASA staff member was available to provide assistance and ensure accurate interpretation of the survey questionnaires.
Measures and Statistical Analysis
Using the survey data, we conducted a cross-sectional study of 350 GWTG-Stroke hospitals joining the Target: Stroke Initiative and assessed their baseline use of specific strategies for reducing DTN in the January 2008 and December 2009 time frame before the initiation of the Target: Stroke program. For descriptive purposes, we reported the frequency and percentages of hospitals responses for each strategy as well as DTN times among eligible patients who received intravenous tPA within 3 hours of symptom onset. Data on individual patients were obtained from GWTG-Stroke Registry. The design and conduct of the GWTG-Stroke Registry as well as the validity and reliability of GWTG-Stroke data collection have been previously reported. [26] [27] [28] [29] Multivariable generalized linear regression models were performed to investigate the relationships between each hospital strategy and DTN times adjusting for baseline demographic and clinical characteristics. These variables included age, sex, race/ethnicity, medical history (atrial fibrillation, prosthetic heart valve, previous stroke or transient ischemic attack, coronary artery disease or prior myocardial infarction, carotid stenosis, diabetes mellitus, peripheral vascular disease, hypertension, smoking status, dyslipidemia, and heart failure), arrival mode, on-hour presentation (presenting to the emergency department [ED] between 7:00 AM and 6:00 PM on any weekday), onset-to-door times, and National Institutes of Health Stroke Scale. The effect of each individual strategy on DTN times was calculated as the adjusted mean difference between the DTN times of hospitals implementing the selected strategy and hospitals not implementing the strategy. Similar multivariable logistic regression analysis was performed to evaluate the association between hospital strategy and DTN times ≤60 minutes. All these analyses accounted for hospital-level clustering using a generalized estimating equations approach. All statistical analyses were performed using SAS version 9.3 (SAS Institute Inc). Outcome, a Quintiles Company, is the data collection coordination center for the AHA/ASA GWTG programs. The Duke Clinical Research Institute served as the data analysis center, and institutional review board approval was granted to analyze aggregate deidentified data for research purposes.
Results
Study Samples
Of the 350 GWTG-Stroke hospitals joining Target: Stroke and completing the survey by January 2011, 36 hospitals (10.3%) did not administer tPA during the study period and 1 hospital (0.3%) did not have any ischemic stroke admissions during the study period. We also excluded 3 hospitals (0.9%) with invalid DTN time and 6 hospitals (1.7%) with onset-to-needle time >3 hours to confine the study population to patients covered by the class I guideline recommendation present during the study period. 30 Because DTN times were calculated as the difference between patient arrival time and tPA initiated time, in-hospital stroke was excluded from the analysis. After these exclusions, our analyses included 304 hospitals treating 5460 patients with ischemic stroke with intravenous tPA within 3 hours of symptom onset between January 2008 and December 2009 (before the initiation of Target: Stroke). Survey respondents represented a range of physicians, nurses, and hospital quality management and administration personnel (Table I in the online-only Data Supplement). A total of 50% hospitals were academic centers, and 48% were primary stroke centers. The median bed size was 343 (interquartile range [IQR] , 231-481). Approximately 50% of hospitals had an ischemic stroke volume of >150 patients per year (median, 163; IQR, 106-247). The median tPA volume was 10 patients (IQR, [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] per year. Compared with GWTG-Stroke hospitals that did not participate in the Target: Stroke survey during the study period, Target: Stroke survey hospitals were more frequently larger, academic hospitals, primary stroke centers, with higher ischemic stroke volume, shorter baseline DTN times, and more experience with tPA administration (Table II in The strategies least frequently used included advance hospital notification by EMS (52.3%), rapid triage protocol with stroke team notification (68.8%), single-call activation system all of the time (62.5%), trainees involved in the stroke team all of the time (26.0%), routine premixing of tPA (16.1%), and storing tPA in the ED (62.2%).
Among 304 Target: Stroke hospitals participating in the survey, the median DTN time was 79 minutes (IQR, 71-89) The median DTN times were shorter at hospitals that used rapid triage protocol with stroke team notification, single-call activation, had access to in-house stroke expertise, and trainees involved in the stroke team all of the time (Table 1 ). In addition, hospitals that implemented tPA administration protocols, routinely premixed intravenous tPA, had tPA stored in ED, and provided regular feedback on DTN times had shorter DTN times than hospitals that did not implement such strategies. Similarly, the hospitals that used these strategies were more likely to reach the DTN goal within 60 minutes. The majority of hospital strategies were associated with shorter DTN times in unadjusted analyses (Table 2) . After multivariate adjustment, the most strongly associated hospital strategies were rapid triage protocol with stroke team notification all the time (mean reduction in DTN time, 8.1 minutes), single-call activation system all the time (4.3 minutes), trainees involved in the stroke team all the time (4.6 minutes), and tPA being stored in ED (3.5 minutes). In general, these strategies were used by only two thirds of the surveyed hospitals (68.8%, 62.5%, 26.0%, and 62.2%, respectively). When all 11 strategies were analyzed incrementally (excluding trainees in the stroke team because it is not applicable to nonacademic centers), hospitals that implemented a greater number of strategies also had shorter average DTN times. On average, 1.3 minutes could be saved for each strategy implemented. This represents a potential to reduce DTN time by as much as 14 minutes if all strategies were used. Similarly, when analyzing the proportion of patients with DTN times ≤60 minutes, tPA being stored in ED (odds ratio, 1.32; 95% confidence interval, 1.02-1.71), trainees involved in the stroke team all the time (odds ratio, 1.37; 95% confidence interval, 1.04-1.80), and a greater number of strategies used (odds ratio, 1.12; 95% confidence interval, 1.02-1.24 per each strategy) were independently associated with increased odds of DTN times ≤60 minutes (Table 3) .
Discussion
Among patients admitted to 304 Target: Stroke hospitals participating in this survey, only a minority of patients treated with intravenous tPA had DTN times within 60 minutes. Although all hospitals reported use of some recommended strategies to improve the DTN times, many of the best practice strategies are not commonly used. This may account, in part, for the substantial delays to acute stroke treatment in the United States. Furthermore, this study analyzed the association of hospital strategies with DTN times and found that rapid triage protocol with stroke team notification, single-call activation systems, and tPA stored in the ED were independently associated with more rapid tPA administration. In sequential analyses, incremental reductions in DTN times were observed for all 11 analyzed strategies, with the potential to reduce DTN time by as much as 14 minutes if all strategies were used.
The measure DTN time reflects a complex clinical process which requires coordination across departments and disciplines to provide rapid and efficient care to patients with acute ischemic stroke. 4, 12, 25 Although variation in this complex process is inevitable, some delays may be preventable through organizational change to effect timely triage, diagnosis, decision making, and treatment of patients with ischemic stroke. In this large national survey of hospitals regarding their strategies to reduce DTN time, we found that the speed of tPA treatment in many surveyed hospitals was significantly longer than the recommended national target of ≤60 minutes. In contrast, many centers in Europe have reported DTN time well <60 minutes including 50 minutes in Cologne, Germany; 38 minutes in Bergen, Norway; and 20 minutes in Helsinki, Finland. [31] [32] [33] Although lack of experience may explain prolonged delay in treatment, a small previously inexperienced center can achieve shorter DTN times after organizational and logistical changes in deliver of stroke care. 32 Although most participating US hospitals report using some strategies to improve the timeliness of tPA administration, use of each prespecified strategy varied substantially. In particular, reported use of rapid triage protocol and stroke team notification all of the time (68.8%), single-call activation system all of the time (62.5%), and storing tPA in the ED (62.2%) were relatively low in surveyed hospitals. However, these strategies were the ones most strongly associated with shorter DTN times in the multivariable analysis.
The time intervals were significantly shorter for patients admitted to hospitals in which rapid acute triage protocol and stroke team notification were used to facilitate the timely recognition and treatment of stroke (8.1-minute reduction in DTN times), those in which the entire stroke team was activated with a single call from the ED that simultaneously alerts the entire stroke team (4.3 minutes), and those in which the tPA is readily available in the ED (3.5 minutes). Unlike some strategies that might require costly investment in new resources, these strategies could be rapidly implemented with existing resources, representing a potential immediate target for quality improvement in care of patients with stroke. In addition, the time intervals were shorter in hospitals with trainees involved in the stroke team (4.6 minutes). Although not all hospitals have a training program, this finding suggests that trainees can be integrated into an acute stroke team without significant delay in treatment.
Importantly, we found hospitals that had implemented a greater number of strategies also had a shorter DTN time. On average, 1.3 minutes would be saved for each of the 11 strategies implemented. Although the size of effect for individual strategies may seem modest, in aggregate, they exceed an absolute difference of 14 minutes in DTN times. With the median DTN times of 72 minutes in GWTG-Stroke in recent years, 34 a 14-minute reduction would achieve the target of treatment within 60 minutes in the majority of patients, potentially saving thousands of patients per year from a lifetime of disability. Indeed, the 60-minute target itself might not be optimal and could probably be reduced even further given some centers can achieve DTN times of 20 minutes by systematically implementing multiple strategies. 33, 35 After the study period, in response to accumulating new evidence, Target: Stroke added as an additional best practice strategy-direct transfer of patients from EMS to the computed tomographic scanner. Because substantial reduction in treatment delays can rarely be achieved by a single strategy, but rather from changes to the whole stroke system of care, implementing the entire suite of strategies represents a promising approach to shortening DTN times further and reducing all possible delays in thrombolysis.
Based on literature review and expert consensus, the Target: Stroke initiative advocates the adoption of best practice strategies to reduce DTN times for intravenous tPA in acute ischemic stroke. 25 Although some of these strategies were not independently associated with DTN times in our current analysis, our survey was not powered to detect modest impacts. All these best practice strategies have previously been reported to be effective in increasing the number of eligible patients treated or reported to reduce time to treatment in acute myocardial infarction and stroke. [15] [16] [17] [18] [19] 23, 36 A variety of factors may have attenuated relationships between individual strategies and DTN times in this study. For instance, we have previously reported that faster treatment is associated with advance hospital notification by EMS in a patient-level analysis. 23 However, EMS prenotification is more an EMS strategy than hospital strategy and not wholly under the control of the receiving hospital. As a result, the frequency of EMS prenotification might vary from patient to patient within the same hospital and is difficult to estimate in a hospital-level survey response. Because the Target: Stroke best strategies were published before hospitals completed the survey, hospital respondents may have reported what they should or planned to be doing, as opposed to actual practice. In addition, it may not have been possible to detect the influence of some strategies because of their already high adoption in surveyed hospitals (eg, ≈80% of hospitals have access to in-house stroke expertise at all times and >90% of hospitals implement brain imaging, laboratory testing, and tPA protocols and use team-based approach to stroke care). Residual measured or unmeasured confounding may also account for some of these findings. Furthermore, the use of multivariable logistic regression for DTN ≤60 minutes may be less sensitive in detecting effective strategies because DTN time is continuous and not dichotomous.
There are several limitations to this study. First, although several specific hospitals strategies are associated with a significant reduction in the DTN times, the cross-sectional design cannot establish causal relationship. Follow-up studies are planned to examine how implementation of key best practice strategies may have changed over the course of the initiative, and, more importantly, how timeliness of treatment may have changed over time after accounting for secular trends. Nonetheless, understanding how successful hospitals adopted these strategies at baseline can identify gaps in current practice and provide evidence for a collaborative national campaign tailored to overcome barriers in the system level. Second, data on use of strategies were self-reported and may have some subjectivity that cannot be avoided in survey-based research. Nevertheless, we extensively pilot-tested the survey instrument to ensure comprehensibility before the launch of the program. An AHA/ASA staff member was also available to provide assistance and ensure accurate interpretation of questionnaires during the survey. In addition, unlike a telephone survey which is often reported by a single respondent, our online survey was designed to be completed by the key personnel and encouraged to integrate input from other hospital team members. Furthermore, the baseline survey was administered as close as possible to the enrollment date to minimize recall bias inherent in survey research. Third, this study was cross-sectional using DTN times as a process measure, and no in-hospital or longitudinal outcomes were assessed. However, previous GWTG studies have demonstrated the benefit of rapid reperfusion therapy for clinical outcomes.
6,10 Fourth, we confined the study population to patients covered by the class I guideline recommendation present during the study period. This approach potentially could remove less well-performing hospitals with patients who could have been treated within the 3-hour window. Nonetheless, the AHA/ASA did not publish the recommendation for expansion of treatment window until the end of May 2009, which was 6 months before the end of our study period. 37 Although it has been increasingly adopted in clinical practice, there were relatively few patients treated with tPA after 3 hours during our study period. Last, although our survey included hospitals with a wide range of size, academic status, and geographic regions, these findings may not be generalized to rural hospitals, high-volume centers, and hospitals in other regions of the world. Furthermore, Target: Stroke is a voluntary program. Hospitals participate based on their level of interest in quality improvement in stroke care. Target: Stroke hospitals were more likely to have shorter DTN times than nonparticipating centers. Therefore, the generalizability of our findings to nonparticipating hospitals remains to
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May 2014 be established. It is likely that the hospitals in this survey use DTN time strategies more frequently than nonparticipating hospitals, further supporting the need for a national campaign to promote best practice strategies and improve the timeliness of tPA treatment in the United States.
Conclusions
Among hospitals participating in this study, DTN times vary substantially, with only one third of tPA-treated patients having DTN times within 60 minutes before the inception of Target: Stroke. The strategies most strongly associated with shorter DTN times were rapid triage protocol and stroke team notification, single-call activation system, and tPA being stored in the ED. Although most surveyed hospitals report use of certain strategies to improve the timeliness of tPA administration for acute ischemic stroke, relatively fewer hospitals implemented specific strategies that were most strongly associated with shorter DTN times. Future efforts are needed to facilitate the integration of evidence into clinical practice and disseminate the most effective strategies for improving timeliness of acute stroke thrombolysis.
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